We consider GUT models inspired by recent local F-theory constructions. We show that after switching on vevs to scalars the extra matter becomes messengers. We discuss conditions on these vevs under which the models do not lead to unacceptable baryon/lepton number violating processes.
Introduction
GUT models rise hope for better unification for long time [1] . The basic arguments supporting the idea are twofold: all known matter is organized in SU(5) multiplets and coupling constants seem to unify at some scale. It appears that SUSY GUTs provide better coupling unification and shift the unification scale Λ GU T to values acceptable for the proton stability under heavy gauge bosons exchange [2, 3] . Besides these successes there still remains troublesome problems such as the origin of the doublet-triplet splitting i.e. phenomenon of absence of a full GUT representation for Higgses of MSSM and the suppression mechanism of the baryon/lepton (B/L) number violating processes [4] . Strong suppression of these processes is a one of the crucial test for the candidate GUT. For the elimination of dangerous dimension four operators it is enough to impose e.g. R-parity -an extra symmetry of unknown origin. Suppression of higher-dimensional operates requires extra structure e.g. more symmetries [5] .
In models constructed recently within the realm of F-theory unification [6] all known particle physics (excluding gravity effects) come from a single E 8 F-theory singularity [7] . The models realize SU (5) GUTs with some extra global U(1)'s originating from SU (5) ⊥ /Γ where Γ is so-called monodromy group. They include SUSY breaking sector and its mediation through gauge forces (GMSB), the doublet-triplet splitting is achieved in a novel way by introduction of background fluxes on matter curves of the compact CY space. For some Γ's the R-parity is a subgroup of the global U(1)'s. Moreover the global symmetries forbid dimension five B/L breaking operators. In realistic models these symmetries must be spontaneously broken because messengers masses are provided by vevs of certain scalars. In consequence this may lead at low energies to generation of dangerous B/L effective operators. Besides most of the models of [7] contain an extra charged matter which role is unclear at first sight.
The purpose of this letter is to discuss all Dirac scenarios F-theory GUTs from [7] .
We shall show that switching on vevs for charged scalars the extra charged matter can be interpreted as messengers and under certain conditions on these vevs B/L breaking operators generated at low energies are strongly suppressed. All model possesses a bunch of extra neutral scalars which safely can be assumed to be very massive and decouple.
2 The Z 3 /S 3 models
We start with short description of the model Z 3 (S 3 model is just simple reduction of the latter). Details are in [7] . The matter content is summarized in the presented table. We must recall that F-theory case the effective Lagrangian contains all the invariant coupling including Yukawas and trilinear terms in Kahler potential (divided by the GUT scale denoted here by Λ GU T ).
It must be stressed that the chirality of the spectrum of the model has origin in non-trivial F-theory fluxes through 2d-cycles where the matter is localized. Manipulating fluxes results in different matter content. We shall use this freedom in the paper. Existence of such fluxes and cycles is a global issue which has not been resolved yet. Following [7] we shall assume that the appropriate global construction exists.
The model has two extra global U(1) symmetries which are in fact remnants of the "anomalous" gauge symmetries. They provide selection rules for possible GUT invariants.
It is easy to see that R-parity is subgroup of above: R = (−1) q , where q = Q P Q or q = Q χ .
We shall slightly modify the matter content compared to the original paper in order to cure SU(5) anomaly. The simplest modification is just addition of one extra Y 10 (both fields will be denoted by Y a
10
, a = 1, 2).
The model contains standard matter 10 M ,5 M as well as appropriate Higgses 5 H ,5 H .
These couple to matter in the conventional way
Recall that color triplets of Higgs fields get mass thought appropriate hypercharge background flux. Their masses are assumed to be of the order Λ GU T . This will be discussed later. Thus 5-dimensional representations of Higgses split into light doublets and heavy triplets. We shall use somehow hybrid notation 5
There is a scalar X which receives non-zero vev X = X + θ 2 F X and breaks SUSY.
For the discussion of the potential for scalars including X see App.A. Trilinear couplings effective action below the GUT scale Λ GU T we assume that all vevs are much smaller than this scale. Thus we introduce small parameters:
The possible form of the potential for the scalars and it properties including minima and masses are discussed in App. A.
B/L violation
In the rest of the paper we shall discuss effects of switching on vevs of the charged scalars X, N, D i.e. vevs of both bosonic components of the chiral superfields e.g. for X : X + θ 2 F X , etc. This will break both U(1) symmetries spontaneously thus also the R-parity. In consequence it may lead to dangerous processes violating lepton/baryon numbers. We are going to discuss these issues in the following section.
The primary result of non-trivial vevs of X, N, D is mixing between fields of different Q P Q , Q χ charges. The mixing may directly lead to B/L violation. Let us write down all trilinear coupling between fields charges under GUT group: 1 10 × 10 × 5 singlets:
10 ×5 ×5 singlets:
Scanning the above one sees that mixing of5 H with5 M and 10 ( 
After Higgs triplets are decoupled (see the next paragraph) and X, D (1) receive vevs we
with µ = F X /Λ GU T . This can be put into canonical form µ ′5
where we have restored the Yukawa coupling y and the subscript 2 means that we keep only the MSSM doublet piece. The r.h.s. of the above contains R-parity breaking operators E LL, QLD (but not U D D ) which couplings are sometimes named λ, λ ′ [15] .
The current limits on λ's taken from [16] imply that acceptable values of D (1) /µ are smaller than 10 −6 . But the analysis of our potential for the scalars shows that generically
. If we recall that N sets the mass of messengers we immediately conclude that the model is in conflict with phenomenology.
The model can be easily cured assuming that the fluxes through matter curves are such that the spectrum contains D (1) with opposite U(1) charges (Q P Q = −1, Q χ = +5).
If so then instead of (6) we have
This produces mixing with Higgs proportional to F-term of the superfield D (1) (which we will denote by F D ). Hence D (1) is replaced by µ D ≡ F D /Λ GU T so it is enough that µ D ≪ 10 −6 µ to be in accord with phenomenology. Recalling that µ = F X /Λ GU T we obtain
what is reasonable requirement. The rotation of the Higgs due to (6) is
From now one we are going to focus on this version of the model (1).
At this point let us discuss at some length the influence of Higgs color triplets. Their mass term is
where tilde fields are appropriate KK modes of F-theory compactification. Due to their charge they may couple to X too. Of course the latter will obtain vev: X → X . M and M ′ are masses of the order Λ GU T . Adding the mixing (9) and diagonalizing the mass term we get rotation
and the effective B violating vertices 3
With X ∼ 10 −2 Λ GU T , µ D ≪ 10 −6 µ ∼ 10 −20 Λ GU T , M ∼ Λ GU T the suppression factor ≪ 10 −22 is in agreement with phenomenology (see also [4] Table 2. ).
This ends discussion of dimension 4 B/L-violating vertices which may appear in the model discussed.
Higher-dimensional operators
Here we are going to look for possible higher dimension B/L breaking operators. There is one dangerous dimension 5 operator in superpotential invariant under SU (5) similar way as presented in the previous section (see also [18] ). The Higgs doublets gives no effects.
The remaining possibility are diagrams with exchange of messengers. Here we shall
show that dimension 5 operator is not produces and that the only nonvanishing contribution is a dimension 6 correction to the Kahler potential with a very small coefficient.
Hence one has to find out all operators of the form M M ′ Y where M 's denote matter fields and Y a messenger. These operators appear as a result of mixing discussed in the previous section. We shall be interested in operators arising from single redefinition because each redefinition is accompanied by small factor of the order n ≡ N /Λ GU T , d ≡
Let us discuss the remaining (besides (11)) mixings between fields. The couplings of
where 
Next we diagonalize the mass terms (15) which lead to irrelevant mixing between Higgses and messengers. Hence we are going to ignore these contributions. Similarly treatment of (k2) gives
Scrutinizing (4) one finds the following MM'Y couplings
where
(1) has negligible effect. 5 We ignored here subleading terms from Eqs. (11, 13) .
where y
Integrating over the messengers Y 10 we obtain only a single dimension 6 operator. Suppressing the family indices it has the form
where y i are the i-th family Yukawas. The above contains such B/L breaking MSSM operators as Q † D 2 L. The effective coupling constant is of the order y 1 y 2 10 −8 /Λ 2 GU T . Taking into account that the Yukawa couplings for the first family can be as small as y 1 ∼ 10 −5 we obtain enormous suppression.
Here we are going to discuss the Z 2 model of [7] . The Z 2 × Z 2 model is a reduced version thereof thus our analysis will work also in this case. The minimal matter is the same as in 
The apparent differences lie in the distribution of charges among the extra matter 10 (1) and in the sector of 5's.
First one must notice that there is no way one can give mass to 5 (2) without serious distraction done for the minimal sector. Thus we assume the field is absent from the spectrum. Similarly we remove cumbersome D (2) which could form a mass term with X.
We guess the extra pair of 5's will become messengers. The relevant couplings producing mass term are
With obvious definition of α the messenger is (Y
H . We expect that cos α ≈ 1 i.e. the matter5 M field will not vary much during the process of redefinition. To define physical Higgs and matter 5 's we need take into account the only trilinear coupling in the Kahler potential 
We expect that the analysis of higher-dimensional operators will give negligible B/Lviolating effects.
It is easy to see that the new 10 
Conclusions
The discussion presented shows that the F-theory GUT models of [7] seem to by phenomenologically viable after small (but sensible from the point of view of F-theory) modifications i.e. at low energies they give MSSM with some extra sterile scalars and broken SUSY. Apparent lack of R-parity spontaneously broken just below the GUT scale does not lead to dangerous B/L breaking processes under some conditions put on scalar vevs.
Of course the simple analysis presented in this paper does not say anything about such important issue as FCNC, dark matter candidates, soft-SUSY breaking terms and more.
This would require deeper studies which go beyond this letter. 
With f X ∼ 10 −18 M 2 P l , g ∼ 0.3 and Λ GU T = 10 −2 M P l one gets m N,D ∼ 100 GeV, m X ∼ 30 GeV. 
